tional medicine for asthma, constipation, colic, diarrhea, dyspepsia, hypertension, epilepsy and is considered useful as antibacterial, antifungal, antiviral, carminative, diuretic, and stomachic 11 .
The present paper concerns with the analysis of the volatile components present in different organs of Alpinia japonica and Elettaria cardamomum by GC/MS. Little attention has been paid to the headspace HS gas sampling of the volatile components with Solid Phase Micro Extraction SPME for these plant species. The aim of the present paper was comparative analysis of the volatile compounds obtained by HS-SPME, steam distillation and extraction with diethyl ether. The chiralities of fenchone and camphor found in the dried rhizomes of A. japonica and E. cardamomum were also reported.
japonica was divided into flowers, leaves, stems, rhizomes, fruits, and roots, while E. cardamomum into rhizomes, leaves, and roots. The plant material was dried in room temperature.
Solvent extraction of volatile compounds
The fresh flowers, leaves, stems, fruits, and roots of A. japonica each 10 g sample were crushed by pestle in mortar, followed by extraction with redistilled diethyl ether immediately. The dried plant materials of A. japonica and E. cardamomum were ground to give the powders and then extracted with diethyl ether for a week. 50 mL of each crude extract from fresh and dried plant samples was filtered through the Pasteur pipette packed with celite, followed by evaporation of the solvent at room temperature to give the strong fragrant extracts.
HS-GC/MS analysis of Steam-Distillates
Each fresh leave 1.5 kg of A. japonica and E. cardamomum was dried for three months, followed by steam distillation using the home made steam-distilled apparatus for one hour to obtain the steam-distilled water each 500 mL , which contained essential oils. Each 10 g of distilled water was kept in a 20 mL vial with stopper and then equilibrated for 30 min at 80 by a HS-20 GC Shimadzu . Each 1 mL of HS gas from distilled water containing essential oils was injected into a GC/MS-QP2010 Ultra Shimadzu equipped with a BC-WAX fast column 20 m 0.18 mm i.d., 0.18 μm film thickness . The oven temperature program was set at 40 with 2 min initial hold and then raised to 230 at a rate of 20 /min. The carrier gas was helium with a constant flow of 1 mL/min by split ratio of 100:1. Electron impact ionization was employed for the mass spectrometry at an ionization energy of 70 eV in scan mode. The injector and the ion source temperatures were set at 250 and 200 , respectively.
HS-SPME-GC/MS analysis
The dried rhizomes and flowers of A. japonica were cut into small pieces 0.1 g , and they were kept in a vial 20 mL which was completely closed. The HS gas was absorbed on a PDMS/DVB type fiber Supelco at 60 for 20 min. Then, the fiber was introduced into an injector of 7890A GC System Agilent Technologies equipped with the GC Science order made BC-WAX column 20 m 0.18 mm i.d., 0.18 μm film thickness . The oven temperature program was set at 45 with 1 min initial hold and then raised to 230 at a rate of 20 /min. The carrier gas was helium with a constant flow of 1 mL/min by split ratio of 10:1. A 5975C inert XL EI/CI MSD Agilent Technologies was operated under electron impact condition at an ionization energy of 70 eV in scan mode. The injector and the ion source temperatures were set at 250 and 200 , respectively.
GC/MS analysis
GC/MS analyses of all ether extracts were carried out by using a 6890N gas chromatograph coupled with a 5973 mass selective detector Agilent Technologies on an HP-5MS column 30 m 0.25 mm i.d., 0.26 μm film thickness . The oven temperature program was set at 50 with 3 min initial hold and then raised to 250 at a rate of 5 / min. The injector and the ion source temperatures were set at 250 and 230 , respectively. The carrier gas was helium with a constant flow of 1 mL/min. The mass selective detector was operated under electron impact condition at an ionization energy of 70 eV in scan mode. The retention indices were calculated relative to C 8 -C 27 n-alkanes. Compounds were identified using a computer supported library 12 , mass spectra of references compounds 13, 14 and mass spectra from the literature and our own library databases.
Enantioselective GC/MS analysis
The dried and fresh rhizomes of A. japonica and E. cardamomum were cut into small pieces 0.1 g , and they were kept in a vial 20 mL and sealed with a rubber cap. The headspace gas was absorbed on a PDMS/DVB type fiber at 40 for 30 min. Then, the fiber was introduced into an injector of a MDGC/GCMS-2010 Shimadzu to conduct the chiral analyses of fenchone and camphor. With this system, a heart-cut of the relevant fractions can be made and transferred from the first polar column to the second chiral one via a switching element. The first GC was equipped with a BC-WAX column 30 m 0.25 mm i.d., 0.25 μm film thickness . The injector and the flame ionization detector temperatures were both set at 250 . The carrier gas was helium with a constant pressure held at 180 kPa. The first oven temperature program was set from 70 to 230 at a rate of 5 /min. The second GC was equipped with a γ-DEX 225 column 30 m 0.25 mm i.d., 0.25 μm film thickness and the second oven was initially set at 70 for 10 min and then raised to 120 at a rate of 1 /min. Electron impact ionization was employed for the mass spectrometry at an ionization energy of 70 eV in scan mode. The GC/MS data was checked by retention index, sensitivity, and MS fragmentation every week using the standard samples. Table 1 shows the distribution of volatile compounds of the ether extracts in each organ of Alpinia japonica. The major volatile in all of the different organs of A. japonica is fenchone: In the fresh and dried leaves and dried rhizomes contained 41-45 of fenchone and even the fresh roots also contain fenchone as a large amount. It is noteworthy that the fresh flowers elaborate much more α-fenchene than fenchone. α-Fenchene was also found in the rhizomes and leaves of E. cardamomum. 1,8-Cineole is predominant component both in A. japonica and E.
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cardamomum. β-Fenchyl acetate is also rich volatile component both in two plants. Especially, the roots of E. cardamomum elaborate this ester in 40 . The major volatile of the fresh fruits of A. japonica was 1,8-cineole 69. 4 and only small amount 1.5 of α-fenchene was detected in the crude ether extract of this plant. The major components of the ether crude extract of the fresh flower of A. japonica was α-fenchene, however, the dried flower did not contain α-fenchene, instead, fenchone and 1,8-cineole were the predominant volatiles as shown in Table 2 . The distribution and content of the volatile components in the dried flower of A. japonica is not similar to those of the fresh flower but much similar to the dried rhizome.
Thus A. japonica is rich source of fenchone which plays an important role in the strong sweet odor of this species. The less potent fragrance of the latter species might be the absence of fenchone, in spite of a large quantity of β-fenchyl acetate.
Gochev et al. 15 reported that the major compounds of cardamom seed oil were 1,8-cineole and α-terpinyl acetate which might be significant for the typical aroma of this oil. We could not detect α-terpinyl acetate in all of the different organs of the cultivated E. cardamomum in the green house of TBU. The distribution of volatile sesquiterpenoids in two plants was very poor in all of their different organs. It is noteworthy that both plants biosynthesize a large amount of an unknown diterpenoid having the molecular weight of 302 in mass spectrum, the base peak 137 . The volatile components of the roots of E. cardamomum is closely related chemically to the Indian A. galanga since this plant predominantly produces β-fenchyl acetate 40.9 3 . The Malaysian A. ligulata and A. nieuwenhuizii are rich sources of methyl E -cinnamate 1 , however, such an ester has not been detected in the Japanese A. japonica and E. cardamomum although the steam-distilled water of E. cardamomum contains a small amount of this aromatic ester, as shown in Table 3 . Thirty-five and nineteen volatile compounds were found in HS gas of the dried rhizome and the dried flowers of A. japonica, respectively as shown in Table 2 . The predominant volatile compounds were fenchone and 1,8-cineole, and the second major group was limonene, β-fenchyl acetate, camphor, α-Fenchol, and trans-dihydroagarofuran.
The steam distilled water of A. japonica and E. cardamomum contained 1,8-cineole predominantly. This chemical profile resembled that of volatiles obtained from the leave extract of A. japonica and the rhizome extracts of E. cardamomum, respectively.
In order to determine the chirality of fenchone and camphor found in A. japonica and E. cardamomum, γ-DEX 225 was used for this purpose. Fenchone in both the dried and fresh rhizomes of A. japonica showed 99 of 1S,4R --form. The same monoterpene ketone found in both the dried and fresh rhizomes of E. cardamomum also showed the same chirality, 99 . Furthermore the chirality of camphor found in both aromatic fresh and dried A. japonica and E. cardamomum were measured by the same GC column, indicating that the fresh and dried A. japonica produced the same ratio of 1R,4R --camphor as 94.3 . The rest was 1S,4S --camphor in 5.7 in GC/MS using the same column as used in fenchone.
CONCLUSION
The volatile components of two Zingiberaceae plants, Alpinia japonica and Elettaria cardamomum were analyzed by GC/MS. The characteristic scent of both plant was due to the presence of fenchane-type monoterpenoids which were predominant in all parts of organs of two species, except of the presence of 1,8-cineole in the fruits of the former plant. The presence of 1S,4S ---camphor in A. japonica was the first example in the plant kingdom although the naturally occurring camphor is absolutely its enantiomer, like that isolated from camphor tree Cinnamomum camphora .
A, japonica and E. cardamom produce a very unstable oxygenated diterpenoid M m/z 302 whose structure remained to be clarified, however, this compound is also one of the most characteristic chemical markers of both species with the presence of a large amount of fennchane monoterpenoids.
